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stream static pressure of 4.0. The jet exhaust was simulated with high-pressure air 
that had an exit total temperature essentially equal to the free-stream total 
temperature. 
The pitot-pressure measurements showed that the shear layer between the jet and 
the external flow region was essentially rectangular in shape for at least 5 nozzle 
exit heights downstream of the nozzle exit, the maximum distance at which measure- 
ments were made. At free-stream Mach numbers of 0.60 and 1.20, a vortexlike flow 
Fighter aircraft must be designed for high maneuverability over a wide range of 
Mach numbers and engine power settings. A propulsion exhaust-nozzle system with 
variable geometry enhances the aircraft performance at different power settings. 
Investigations conducted over many years have shown that rectangular or nonaxisym- 
metric nozzles cannot only meet the performance requirements but can provide many 
valuable options for propulsion system design (refs. 1 through 5). The nonaxisym- 
metric nozzle integrates well into multiengine airframe designs and results in low 
installed drag (refs. 6 through 8). The nonaxisymmetric nozzle also facilitates 
lthrust-vectoring and thrust-reversing capabilities which improve the overall aircraft 
maneuverability and handling characteristics and reduce takeoff and landing distances 
1 (refs. 3 and 4). 
INTRODUCTION 
To take full advantage of the options available with nonaxisymmetric nozzles 
requires that computational methods be developed for predicting the flow about such 
configurations. At the present time, a few methods are available for predicting such 
flows but they are severely limited in capability. For better prediction methods to 
be developed requires that improved solution algorithms be developed and that the 
theory developer have a basic understanding of the physics of the flow about these 
three-dimensional nozzles. To obtain this understanding, fundamental experimental 
studies must be made. In addition to providing insight into the flow phenomena 
involved, these experiments can provide the high quality, detailed experimental data 
needed for code verification. Many experimental investigations have been made to 
provide details of the pressure distributions on three-dimensional nozzle configura- 
tions. (See ref. 9, for example.) A l s o  many fundamental experiments have been con- 
ducted to study the structure and mixing characteristics of rectangular jets. (See 
refs. 10 through 13, for example.) However, these experiments typically have been 
concerned with the far-field characteristics of the jet and with low-speed, constant- 
pressure parallel jet/free-stream mixing. Studies reported in reference 14 show that 
the near-field modeling of the jet exhaust characteristics is extremely important in 
predicting the pressure distributions and drag of nozzle afterbodies. 
development of solutions of the Navier-Stokes equations for such flows (ref. 15) 
also requires that detailed flow-field measurement in the near field of the jet 
exhaust be available. 
The increased 
The purpose of the present investigation is, therefore, to provide detailed 
flow-field measurements in and around the exhaust from a rectangular nozzle. 
Ideally, measurements of the velocity components of the flow, the local static 
pressure, and the local temperature are needed to define the mean flow. Static 
pressure, pitot pressure, flow angle, and stagnation temperature can be measured 
with a survey probe. These parameters then can be used to compute local Mach number 
and the mean velocity components of the flow. However, the finite size of any survey 
probe and the large flow-field gradients found in the mixing regions between the jet 
and the external field can cause large interference effects on the measurements and 
result in large measurement errors. (See ref. 16.) The quantity that can be mea- 
sured with the smallest error is pitot pressure. The pitot pressure may be used 
instead of local total pressure to define some of the dominant flow-field character- 
istics, such as boundary-layer and shock-wave locations. The comparison of computed 
pitot pressures with experimental pitot data can provide a basis for evaluating com- 
putational methods. 
An experiment has, therefore, been conducted in the Langley 16-Foot Transonic 
Tunnel to measure pitot pressures in and around a jet exhausting from a rectangular 
nozzle. Pitot-pressure surveys were made at five longitudinal locations downstream 
of the nozzle exit at free-stream Mach numbers of 0.00, 0.60, and 1.20. The jet was 
operated at a nozzle pressure ratio (i-e., the ratio of jet or nozzle total pressure 
to free-stream static pressure) of 4.0. The total temperature of the jet was held at 
about 530'R. The ratio of the jet total temperature to free-stream total temperature 
varied from about 0.98 at a Mach number of 0.00 to 0.81 at a Mach number of 1.20. 
SYMBOLS 
semimajor axis of superellipse 
semiminor axis of superellipse 
variable used in computation of n for internal transition section 
geometry (eq. (7)) 
free-stream Mach number 
exponent in equation for superellipse 
ratio of jet total pressure to free-stream static pressure, 
free-stream static pressure 
average jet total pressure 














free-stream total pressure 
jet total temperature 
free-stream total temperature 
radial distance from center of rotation of survey probe 
radial distance from centerline of model 
dummy variable of integration (eq. (7)) 
longitudinal distance downstream of nozzle exit 
longitudinal distance downstream of model nose 
horizontal distance from model centerline 
horizontal location of center of superellipse (eq. (8)) 
vertical distance from model centerline 
vertical location of center of superellipse (eq. ( 8 ) )  
radial angle from model horizontal axis, positive counterclockwise looking 
upstream 
roll angle of survey rake, 4 = 0.0 when rake is horizontal 
Abbreviations: 
FS fuselage station 
0. D. outside diameter 
APPARATUS AND TESTS 
Wind Tunnel 
This investigation was conducted in the Langley 16-Foot Transonic Tunnel. This 
facility is an atmospheric, single-return wind tunnel with continuous air exchange 
for cooling. The test section is octagonal with eight longitudinal slots. The 
tunnel is capable of operating at Mach numbers from 0.2 to 1.3. The average 
Reynolds number per foot ranges from 1.4 X lo6 at a free-stream Mach number of 
0.2 to 3.8 X lo6 at a free-stream Mach number of 1.3. 
tunnel can be found in references 17 and 18. 
A detailed description of the 
Model and Support System 
General arrangement.- The single-engine air-powered nacelle model of refer- 
ence 19 was used during this investigation. A detailed sketch of the single-engine 
propulsion simulation system, with the nozzle of the present investigation installed, 
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is presented in figure 1. A photograph of the model installed in the Langley 16-Foot 
Transonic Tunnel is presented as figure 2. As shown in figure 1, the model was com- 
posed of five major sections: a nose-forebody, a low-pressure plenum section, an 
instrumentation section, a transition section, and the nozzle. 
Model support system.- The single-engine nacelle model was supported in the 
tunnel by a sting-strut support system. Part of this support system is shown in fig- 
ures 1 and 2 .  The nose-forebody was attached to the top of the strut. The center- 
line of the model was aligned with the centerline of the wind tunnel. The centerline 
of the sting was 22.00 in. below the centerline of the wind tunnel. The cross sec- 
tion of the sting was 2.00 in. wide by 4.00 in. high. The top and bottom of the 
sting were capped by half-cylinders of 1.00 in. radius. The strut blade was 1.00 in. 
thick and had a 14.14-in. chord normal to the strut leading edge (the streamwise 
chord was 20.00 in.). The leading edge and trailing edge of the strut were swept 45O. 
The model blockage was 0.14 percent of the test-section cross-sectional area; the 
maximum-blockage cross section of the model and support system was 0.19 percent. 
Internal air supply.- The exhaust jet flow was simulated with air from a high- 
pressure air system external to the model. A continuous flow of clean, dry, high- 
pressure air at a total temperature of approximately 540°R entered the high-pressure 
plenum in the nose-forebody through six supply lines in the support strut. (See 
fig. 1.) From the high-pressure plenum, the pressurized air is discharged perpen- 
dicular to the model axis into the low-pressure plenum through eight sonic nozzles. 
The sonic nozzles were equally spaced around the high-pressure plenum supply pipe. 
The decelerated airflow in the low-pressure plenum was diffused over the balance 
housing and straightened by a 79-percent open-area baffle plate. Note that for the 
present investigation, strain-gauge balance measurements were not made. However, the 
design of the single-engine nacelle requires that a strain-gauge balance or a dummy 
balance be present. The airflow next passes into the instrumentation section of the 
model, where the jet total temperature and jet total pressure are measured, and then 
into the transition section of the model. In the transition section, the internal 
geometry changes from circular to rectangular to be compatible with the internal 
geometry at the nonaxisymmetric nozzle connect station. Details of the internal 
transition geometry are discussed later. From the transition section, the airflow 
is exhausted through the nonaxisymmetric nozzle. 
Nose-forebody-centerbody external geometry.- The nose-forebody section of the 
model allowed a smooth external transition from a circular cross section at the coni- 
cal nose to a superelliptical cross section at fuselage station 26.50 in. that was 
nearly rectangular with large rounded corners. The maximum external cross-sectional 
area of 41.170 in2 occurs at fuselage station 26.50 in. The cross-sectional area and 
the external geometry remained constant from fuselage station 26.50 in. to fuselage 
station 55.05 in., the nozzle connect station. The external geometry of the model up 
to fuselage station 55.05 in. is defined by the following equations: 
y = r' cos 0 
z = r' sin 0 
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From x' = 0.0 to 6.010 in., 
' From x' = 6.010 to 26.50 in., 
n = 2.00 
n = 3.5 sin ( T  x'2,.~~6255) + 5.50 I 7 
I C \  




, a = -0.363118~' - 9.924540 + ~-0.834887(~'~~:10:-~~ + 16.665089~' f 84.948188 
b = -0.209539~' - 2.196445 + J-O.213163(~')~(lO)-~~ + 4.546669~' - 2.781034 
~ From x' = 26.50 to 55.05 in., 
I 
b = 3.1000 
Internal transition-section geometry.- The model low-pressure plenum internal 
geometry and the end of the constant-geometry instrumentation section had a circular 
cross section. The nonaxisymmetric nozzle used in the present investigation had a 
rectangular internal cross-sectional geometry at the nozzle connect station. The 
transition section provides a smooth constant area transition from the circular cross 
section at the beginning of the transition to the rectangular cross section at the 
nozzle connect station. The geometry change from circular to rectangular is accom- 
plished by using superellipse cross sections. Equations (l), (21, and (3) were used 
to compute the cross-sectional shape at each fuselage station. The equations for the 
exponent of the superellipse, the semimajor axis, and the semiminor axis for the 
internal transition section are given as follows. 
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From x' = 49.90 to 52.87 in., 
i a = 2.4750 
x' - 45.445000) + .] I 
c = 1.0 + 0.207107 sin n [ ( 2.9700 
19.2442185a b =  
(an - tn) lIn dt 
where the cross-sectional area of the transition is 19.2442185. From x' = 52.87 in. 
to x' = 55.05 in., the internal cross section of the transition section is a rec- 
tangle with semiwidth of 2.475 in. and semiheight of 1.944 in. Ahead of 49.90 in., 
the cross section was circular with a diameter of 2.475 in. 
Nozzle geometry.- Details of the two-dimensional, convergent-divergent nozzle 
used in the present investigation are presented in figure 3. The nozzle had straight 
parallel internal sidewalls. The nozzle throat aspect ratio (i.e., the ratio of 
nozzle throat width to nozzle throat height) was 2.380. The ratio of nozzle exit 
area to throat area was 1.250. As a result, the design exit Mach number was 1.6 and 
the design nozzle pressure ratio was 4.25. 
The external cross-sectional geometry varied from the superellipse at the nozzle 
connect station to essentially a rectangle with rounded corners at the nozzle exit. 
At each cross section, the rounded corner was a quarter of a superellipse. A sketch 
illustrating the shape of the cross section is shown in figure 3. The equation 
defining the external cross-sectional geometry is as follows: 
where a, b, n, zo, and yo are given in table 1 as a function of x'. 
Translating Mechanism and Survey Probe 
A sketch of the translating survey mechanism is presented in figure 4(a). The 
translating mechanism allows a survey probe to be positioned within a cylindrical 
volume approximately 4 ft in length and 4 ft in diameter. The mechanism has pro- 
visions for translating the probe in the longitudinal direction and in a radial 
direction frcm the tunnel centerline. The probe may be rolled about the axis of the 
probe support mechanism. The actual longitudinal location of the survey region in 
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the tunnel test section is determined by the length of the probe support sting. The 
survey mechanism uses potentiometers to determine the relative longitudinal, radial, 
and roll positions of the probe. 
A sketch of the probe used in the present investigation is shown in figure 4(b). 
The pitot-pressure rake had seven probes spaced 0.500 in. apart to enable seven mea- 
, surements of pitot pressure to be made at one time during the test. The rake was 
attached to the 1.000-in-diameter support sting of the translating mechanism such 
, that the plane of the probes was aligned with the radial translating direction of 
i the mechanism. 
Tests 
Tests were made at free-stream Mach numbers of 0.00, 0.60, and 1.20. The aver- 
age Reynolds number per foot was 3.21 X lo6 at a Mach number of 0.60 and 3.91 X lo6 
at a Mach number of 1.20. At each Mach number, flow-field pitot-pressure measure- 
ments were made at a nozzle pressure ratio of approximately 4.0. The jet total tem- 
perature was held at about 530'R throughout the tests. The pitot pressures were 
measured at five longitudinal locations downstream of the nozzle exit: 
x = 0.0, 2.6, 5.2, 7.8, and 10.4 in. At each longitudinal station, the rake was 
translated radially at a given roll angle in increments of approximately 0.1 in. 
After moving 0.4 in. from the survey mechanism centerline, the rake was moved radially 
outward 3.0 in. and then moved in increments of about 0.1 in. for another 0.4 in. 
This procedure provided pitot pressures at every 0.1 in. from the centerline of the 
jet to about 6.5 in. from the centerline. (Note that sometimes the probe was moved 
radially only until the outer two or three probes measured free-stream pitot pressure. 
This situation occurred primarily at a Mach number of 0.00.) After completing data 
acquisition at a given roll angle, the survey mechanism was rolled to the next posi- 
tion and the same procedure repeated. 
mately O . O o ,  7.5O, 15.0°, 25.0°, 27.7O, 30.0°, 37.5O, 45.0°, 60.0°, 75.0°, and 90.0° 
from the horizontal looking upstream. Because the model was only tested at an angle 
of attack of O . O o ,  only one fourth of the jet exhaust and external flow field was 
surveyed. Looking upstream, the measurements were made in the upper right-hand 
quadrant. 
Data were obtained at 11 roll angles: approxi- 
Boundary-layer transition was fixed by a 0.1-in-wide strip of No. 90 grit, which 
was located 1.0 in. from the model nose. The grain size and location of the transi- 
tion strip were selected according to the recommendations of references 20 and 21. 
INSTRUMENTATION 
The pitot pressures were measured with 100-psi differential pressure trans- 
ducers. The jet total pressure was averaged from 10 total pressures which were mea- 
sured with rakes in the instrumentation section of the model. These 10 jet total 
pressures were measured with 100-psi differential pressure transducers. Free-stream 
static pressure was measured with a precision transducer, and free-stream total 
pressure was measured with a precision sonar mercury manometer. The tunnel total 
temperature was measured with a platinum resistance thermometer. The total tempera- 
ture in the exhaust jet was measured with a thermocouple located in the model instru- 
ment section. The radial and longitudinal locations of the survey rake were measured 
with 100-turn potentiometers. The roll position was measured with a 10-turn 
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I DATA REDUCTION AND CORRECTIONS 
There was a small misalignment of the survey mechanism and the model such that 
the centerline of the model and the center of rotation of the survey mechanism were 
offset. The centerlines were parallel, however. Therefore, to calculate the y- and 
z-locations of a pitot-pressure probe in the body axis system of the model, the fol- 
lowing equations were used: 
I . 
y = (r + 0 .23 )  cos @ - 0.23 
i z = (r + 0 . 2 3 )  sin @ - 0.10 (9)  
Posttest analysis of the data indicated that the pitot-pressure contours mea- 
sured at the nozzle exit (x = 0.0 in.) at Mach numbers of 0.60 and 1 . 2 0  were rolled 
relative to the model exit. Data measured at a Mach number of 0.00 were not rolled. 
The data at Mach numbers of 0.60 and 1 . 2 0  were obtained during the first tunnel run. 
All other data were obtained in later runs. Analysis of all available information 
did not provide an explanation of the discrepancy. However, the gear attached to the 
10-turn potentiometer used to measure roll had 40 teeth. The most logical cause of 
the discrepancy is that the gear slipped when the initial aerodynamic loads were 
first applied. If this gear slipped by one tooth, a difference of 9 O  in roll angle 
would result. Applying this correction to the data of the first tunnel run elimi- 
nated the roll of the data relative to the nozzle exit. Therefore, the data pre- 
sented in this paper at x = 0.0 in. for Mach numbers of 0.60 and 1.20 have been 
corrected for this go. To accomplish this correction, the following equations were 
used to calculate the y- and z-locations of the pitot-pressure probes: 
J z = (r + 0 . 2 3 )  sin ( @  + 9') - 0.10 
ACCURACY OF DATA I 
Based on estimates of the precision of the potentiometers, transducers, thermo- 
couples, and resistance thermometers and the observed noise in the data acquisition 
system, the estimated instrumentation accuracy is as follows: 
x, in. .............................. 
r, in. .............................. 
@, deg .............................. 
psi ........................... 
ptIm, psi ........................... 
p, psi ............................. 
OR ............................ 
OR ............................ Ttljf 
.)i, psi ........................ 
PtIP' 
Tt,m' 
(Pt I 3 
20. 1 
20.  0 2  
2 1 . 2  
2 0 . 5 0  
20.0005 
k0. 0 0 0 5  
20.5 
k 2 . 5  
20. 50 
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Because only  seven p i t o t  p re s su res  could be measured s imultaneously,  a r a t h e r  
lengthy pe r iod  of t i m e  and many ind iv idua l  d a t a  p o i n t s  of seven p i t o t - p r e s s u r e  
measurements w e r e  r equ i r ed  t o  ob ta in  t h e  f low-field mapping of t h e  p r e s e n t  i n v e s t i -  
ga t ion .  
exhaust measurements an a n a l y s i s  of va r i ance  was made. (See r e f .  22.) The r e s u l t s  
of t h i s  a n a l y s i s  i nd ica t ed  t h a t  t h e  two-standard-deviation (sigma) repeatable band 
~ of  t h e  free-s t ream condi t ions ,  j e t -exhaus t  condi t ions,  and l o n g i t u d i n a l  probe loca-  ' t i o n  w a s  as shown below: 
To assess t h e  r e p e a t a b i l i t y  of t h e  free-s t ream measurements and t h e  j e t  
I i n  shape may be because of increased  mixing caused by corner  v o r t i c e s  a t  t h e  nozzle  
e x i t .  
A t  M, = 0.60, t h e  i n t e r n a l  shock w a s  p resent  a t  t h e  nozzle  e x i t  ( f i g .  7) b u t  
w a s  not  ev iden t  a t  any of  t h e  downstream survey p lanes .  I n  t h e  e x t e r n a l  f low reg ion  
t h e r e  i s  a d e f e c t  i n  t h e  p i t o t - p r e s s u r e  p r o f i l e s  r e s u l t i n g  from t h e  boundary l a y e r  on 
t h e  e x t e r n a l  s u r f a c e s  of t h e  model. However, a t  x = 0.0 i n .  near  t h e  corner  of  t h e  
nozzle ,  t h e  p r e s s u r e  p r o f i l e s  are not  t y p i c a l  of boundary-layer flow. (See p i t o t -  
p re s su re  d a t a  between $) = 33.8O and 38.8' a t  about r = 2.5 i n .  i n  f i g .  7 ( a )  and 
t h e  contour  p l o t  i n  f i g .  8 ( a ) . )  This  nonmonotonic v a r i a t i o n  of  t h e  p i t o t  p re s su res  
i n  t h e  e x t e r n a l  f low reg ion  near  t h e  co rne r  i nd ica t e s  t h a t  a v o r t e x l i k e  flow i s  
probably p re sen t .  This  v o r t e x l i k e  flow i s  probably caused by t h e  d i f f e r e n c e  i n  
p re s su re  on t h e  t o p  f l a p  and t h e  nozzle  s idewall .  The vor tex  would be formed by t h e  
a i r  flowing from t h e  high-pressure reg ion  t o  the low-pressure reg ion .  This  vo r t ex  
r a p i d l y  d i s s i p a t e s  and i s  not  ev ident  i n  t h e  data  downstream of x = 2.6 i n .  The 
shear  l a y e r  between t h e  j e t  and e x t e r n a l  stream i s  aga in  e s s e n t i a l l y  r ec t angu la r  up 
t o  x = 5.2 i n .  ( f i g .  8 ) .  The nonrectangular  corner  s t r u c t u r e  begins  t o  show up 
near  x = 7.8 i n .  which i s  upstream of where it appears  a t  M = 0.00. 
.................................. &, kO.0029 
x ,  i n .  .............................. kO.089 
NPR ................................. ko.034 
T t , j / T t , ,  ........................... kO.030 
, 
RESULTS AND DISCUSSION 
Tabulated l i s t i n g s  of t h e  p i t o t - p r e s s u r e  da ta  are provided i n  tables 2 
through 16. P l o t s  of t h e s e  d a t a  are presented  i n  f i g u r e s  5 through 10. These p l o t s  
are presented  f o r  each free-s t ream Mach number and l o n g i t u d i n a l  survey p lane  i n  two 
1 forms: 
~ as  a func t ion  of r a d i a l  d i s t a n c e  from t h e  survey mechanism c e n t e r l i n e  f o r  each r o l l  
I angle  p o s i t i o n ,  and contour  p l o t s  of  t h e  r a t i o  of p i t o t  p re s su re  t o  f ree-s t ream t o t a l  
~ pressure .  
t h e  r a t i o  of p i t o t  p re s su re  t o  free-stream t o t a l  p re s su re  (p t , p /P t  ,.I p l o t t e d  
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The internal shock wave present at the nozzle exit when the free-stream Mach 
number was 1.20 is very weak. This nozzle configuration has a large separated 
boundary-layer region on the top and bottom flaps. (See fig. 9(a).) The vortices 
caused by the difference in pressure between the sidewalls and the upper and bottom 
flaps are much stronger than at M, = 0.60 and persist beyond the last longitudinal 
survey station of the present investigation. (See figs. 9 and 10.) Because of the 
separated boundary layer and the vortex, the mixing of the external and jet flows 
occurs much faster. At x = 10.4 in. the mixing region extends almost to the hori- 
zontal nozzle centerline (figs. 9(e) and 10(e)). 
CONCLUDING REMARKS 
An investigation has been conducted in the Langley 16-Foot Transonic Tunnel to I 
measure the flow field in and around the jet exhaust from a nonaxisymmetric nozzle 
configuration. Pitot-pressure measurements were made at five longitudinal locations 
downstream of the nozzle exit with the nozzle operating at a nozzle pressure ratio 
of 4.0. These measurements were made at free-stream Mach numbers M, of 0.00, 0.60, 
and 1.20. The jet exhaust was simulated with high-pressure air that had an exit 
total temperature essentially equal to the free-stream total temperature. 
Analysis of the flow-field measurements showed that the shear layer between 
the jet and the external flow region was essentially rectangular in shape at all 
longitudinal mapping plane locations. (The maximum distance downstream of the 
nozzle exit at which measurements were made was approximately 5 nozzle heights.) 
At M, = 0.60 and 1.20 a vortexlike flow was present in the external flow field 
near the corner of the nozzle exit. At M, = 0.60, this vortex rapidly dissipated 
downstream of the nozzle exit. At M, = 1.20, however, there appears to be a strong 
interaction between the jet exhaust mixing layer and the external flow. 
NASA Langley Research Center 
Hampton, VA 23665-5225 
September 23, 1986 
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TABLE 2.- PITOT-PRESSURE MEASUREMENTS AT x = 0.0 in. FOR M, = 0.00 
WITH NPR = 4.03 AND Tt, j/Tt,, = 0.98 
y, i n .  z, i n .  1 
- .008 -. 100 
.095 -.lo1 
.187 -. 101 
.282 -. 100 
.385 -.lo1 
.492 -.lo1 
.595 -. 101 
.687 -. 101 
.782 -. 101 
.885 -.lo1 
.992 -. 102 
1.095 -.lo2 
1.187 -. 102 
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1.385 -. 102 
1.492 -. 102 
1.595 -. 103 
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TABLE 6.- PITOT-PRESSURE MEASUREMENTS AT x = 10.238 in. FOR M, = 0.00 
WITH NPR = 4.00 AND Tt,j/Tt,, = 0.98 
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-.241 -. 238 
-.237 
-.227 
-.226 -. 247 
-.242 -. 240 
-.225 
-.224 
-.253 - ,246 
- -244 -. 224 
-.222 
-.259 
-.250 -. 247 
-.223 
-.221 




-.258 -. 253 
- .208 -. 207 
- .206 


























































































































































































- .200 -. 199 
-.198 -. 197 

































































TABLE 15.- PITOT-PRESSURE MEASUREMENTS AT x = 7.743 i n .  FOR M, = 1.20 
WITH NPR = 3.99 AND Ttlj/Tt,, = 0.87 













































z, i n .  
- .098 
-.094 - .091 
- .090 - .086 
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-.159 -. 189 - .090 -. 143 
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TABLE 15.- Continued 
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TABLE 15. - Concluded 



































-.252 - .256 
- -258 
- .260 
- .263 - .264 - .269 
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- ,327 - .334 
- .329 
-.335 
-.337 - .344 
-.339 - .345 - .346 

































































































































































TABLE 16.- PITOT-PRESSURE MEASUREMENTS AT x = 10.270 i n .  FOR Ma, = 1 - 2 0  
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1 1 1 1  1 1 1 1  1 1 1 1  1 1 1 1  
1 1 2 3 4 
y. in. 
(a) x = O.O,in. 
Figure  6.- Contour p lo ts  of pt,Jptlm a t  M, = 0.00 and NPR = 4.0. 
127 
4 c 2 
in. 
-1 
1 2 8  
I I I I I I I I I I I I I I  1 1 1 1  4 
1 1 2 3 
y. in. 
(b) x = 2.6 i n .  
F igure  6.- Continued. 
z, in. 
-1 0 1 2 
y, in. 
(c )  x = 5.2 i n .  
3 4 
Figure 6.- continued. 
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1 1 1 1  1 1 1 1 l 1 1 1 1  1 1 1 1  
-1 0 1 2 3 4 
y, in. 
(d) x = 7.8 in. 
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1 1 2 3 4 
y. in. 
(a) x = 0.0 i n .  
Figure 8.- Contour p l o t s  of Pt , /Pt  ,m a t  M, = 0.60 and NPR = 4.0. 
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t ,  in. 
. 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  I
b 1 2 3 4 
y. in. 
(b) x = 2.6 in. 
Figure 8.- Continued. 
z, in. 
1 1 1 1  I I I I I I I I I  1 1 1 1  
1 1 2 3 4 
y. in. 
(c) x = 5.2 in. 
Figure 8.- Continued. 
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y. in. 
(d)  x = 7.8 i n .  
F igure  8.- Continued. 
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z, in. 
1 1 1 1 1 1 1 1 1 l l l 1 1 l l l  I I  
I 1 2 3 4 
y. in. 
(e) x = 10.4 in. 
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y, in. 
(a) x = 0.0 in. 
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y. in. 
(b) x = 2.6 in. 




(c) x = 5.2 in. 
Figure  10.- Continued. 
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z, in. 
(d) x = 7.8 in. 
Figure 10.- Continued. 
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z. in. 
(e)  x = 1 0 . 4  in .  
Figure 10.- Concluded. 
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